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Introduction
Stroke is the main cause of adult disability. 1 Weakness of the lower limb muscles is one of the main impairments after stroke 2, 3 and is associated with limited ability to perform activities of daily living 4, 5 and with reduced gait speed in individuals with stroke. 6 Community walking ability is a common goal for individuals with stroke; therefore, interventions aiming at increasing gait speed should be considered. Therefore, it is important to understand the magnitude of the associations between muscle groups of the lower limbs and gait speed.
Mentiplay et al. 6 conducted a systematic review to assess the associations between the strength of the lower limb muscles and gait speed in individuals with stroke and reported very weak to strong associations. 6 However, the included studies had several limitations. 6 The majority of these eligible studies only assessed one muscle group, and few assessed the non-paretic lower limb muscles and maximum gait speed. As the evaluation of various muscle groups may assist in the interpretation of the relative importance of each group to gait speed and the non-paretic muscles also show strength impairment, 3 bilateral measures of seven lower limb muscle groups were obtained in the present study. Furthermore, maximum gait speed was evaluated in this study as it is an important requirement for the performance of activities in community-based settings and for ensuring individuals' safety when crossing the street. 7, 8 Individuals with stroke are classified according to typical phases of spontaneous motor recovery progress. 9 These phases are determined based on the timing of important biological processes of neural repair, which may affect impairment and functional limitations. 9 An existing longitudinal study observed significant improvements in gait speed between the evaluations performed at both 1 week (acute phase) and 3 months (sub-acute phase) after stroke. 10 Thus, it is important to take the post-stroke phases into account. As none of the studies that were included in a previous review 6 took the post-stroke phases into account, the present study assessed only patients with sub-acute stroke.
In addition to strength deficits in the lower limb muscles, patients with stroke also present trunk muscle weakness. 11---14 Previous studies have already reported significant associations between weakness of the trunk flexors/extensors and impaired balance and lower independence in walking and transfers, such as getting up from a sitting position. 12, 15 However, none of the studies investigated the associations between measures of strength of the trunk muscles and gait speed after stroke. A better understanding of these associations could clarify which muscle group(s) should be targeted during strength training after stroke.
The aims of this study were to investigate the associations between measures of strength of the lower limb and trunk muscles and comfortable and maximum gait speeds and to identify the muscle group that would best predict gait speed in individuals with sub-acute stroke. This information may help clinicians identify the muscles to target during strength evaluation for planning strengthening programs aimed at increasing gait speed after stroke.
Methods

Design and participants
This cross-sectional observational study was carried out in a university laboratory, participants' homes, and communitybased settings. Study participants were recruited from research groups and healthcare centers. The inclusion criteria were as follows: age ≥20 years, clinical diagnosis of stroke between 3 and 6 months (sub-acute phase), 9 and ability to independently walk for 10 m with or without aid.
The exclusion criteria were as follows: (a) cognitive impairment, as determined by the cut-off scores on the MiniMental State Examination (illiterate: 13 points; elementary and middle school: 18 points; high school: 26 points), 16 and/or receptive aphasia, as assessed by the inability to respond to the command ''Lift up your good arm and open your good hand, please'' 17 ; (b) reports of any health condition that could compromise the strength of the lower limb and/or trunk muscles; and (c) complaints of pain during the assessment procedures.
All participants provided written consent based on the previous approval of the Research Ethical Committee (Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais, Brazil). MedCalc ® software a was used to determine the sample size, considering a power = 0.80, r = 0.69, and ˛ = 0.05. The correlation coefficient of r = 0.69 was considered as a moderate effect size. 18, 19 Since, according to Munro, 19 a moderate association is between 0.50 and 0.69, the upper limit (r = 0.69), was chosen, to avoid a high artificially association, but one that would be high enough to be meaningful. The required sample would be 14 individuals. However, to
Please cite this article in press as: Aguiar 20 and degree of lower limb motor impairment (lower limb section of the FuglMeyer scale, 0---34 points: <17 indicate severe impairments, 18---22 moderately severe impairment, 23---28 moderate impairment, and >29 mild impairment). 21 However, it is important to highlight that the sample size should be at least 14. In some participants, not all muscle groups were assessed because they were not able to generate isometric contractions. Thus, the sample size for each muscle group assessed varied.
Dependent and independent variables
The dependent variables were comfortable and maximum gait speeds, whereas the independent variables or predictors were the strength of the major muscle groups of the lower limbs and trunk. Bilateral measures of seven lower limb and six trunk muscle groups were obtained, namely the hip flexors/extensors/abductors, knee flexors/extensors, ankle dorsiflexors/plantar flexors, and trunk flexors/extensors/lateral flexors/rotators. These muscle groups were selected because of previous reported associations with gait speed and mobility in individuals with acute and chronic stroke and/or because they had been little or not at all assessed in previous studies. 6 
Procedures
The data were collected on one day by a trained examiner who was a physical therapist with 1-year experience in muscle strength and gait speed measurements. The training was provided for 1 week by two other physical therapists with previous experience. The eligibility criteria were assessed, and clinical and demographic data, such as age, sex, height, body mass index, paretic side, type of stroke, time elapsed since stroke, lower limb motor recovery (lower limb section of the Fugl-Meyer scale), 3, 21 and trunk impairment (trunk impairment scale), 3, 22 were subsequently collected. Finally, muscle strength and gait speed were assessed.
Measurement of the strength of the lower limb and trunk muscles was performed using a handheld microFET2 ® dynamometer, b which is considered a practical standard method for the assessment of isometric strength. 23 This device has adequate reliability for assessing the strength of the lower limb and trunk muscles of individuals with subacute stroke. 23, 24 Lower limbs were assessed alternately, with each muscle group of the non-paretic lower limb evaluated first, followed by that of the paretic lower limb. The participants and their body segments were standardized positioned ( Fig. 1) . 24---27 Prior to the measurement of strength, the participants were asked to perform one submaximal isometric contraction for b Hoggan Health Industries, Inc, Draper, UT, USA. the purpose of familiarization and subsequently one maximum isometric contraction for 5 s, and the peak value was recorded. During the tests, they received the following verbal encouragement: ''Go, go, go, go. . .''. Only one trial for each assessed muscle group was performed.
26 A 20-s rest interval was allowed between the trials. 24, 25 Comfortable and maximum gait speeds were measured using the 10-m walk test, which has shown adequate reliability, validity, and clinical applicability for gait speed assessment after stroke. 28, 29 To measure comfortable and maximum gait speeds in m/s, the participants walked in a 14-m corridor, and the time required to cover the central 10 m was recorded. 28, 29 Comfortable gait speed was first assessed, followed by the measurement of maximum gait speed. Participants could rest between the two assessments if they desired. Verbal commands were standardized, according to the instructions provided by Nascimento et al. 29 For the assessment of comfortable gait speed, participants received verbal command to walk in their comfortable and habitual speed. 28 For the evaluation of maximum gait speed, participants were requested to walk as fast as possible and safely, but without running, to reach a bus that was about to pull out. 28 
Statistical analyses
Data analysis was performed by a researcher who was not involved in the data collection. Descriptive statistics were calculated, and tests for normality of data distribution (Shapiro---Wilk tests) was calculated. Pearson correlation coefficients were calculated to investigate the associations between measures of muscle strength and gait speed. The strength of associations was classified as follows: very weak, ≤0.25; weak, 0.26---0.49; moderate, 0.50---0.69; strong, 0.70---0.89; and very strong, 0.90---1.00. 19 Stepwise multiple linear regression analyses were performed to investigate the muscle group of the lower limbs and trunk that would predict both comfortable and maximum gait speeds. All analyses were performed using SPSS c (˛ = 0.05).
Results
From a list of approximately 265 individuals, 38 could not be contacted (Fig. 2) . Forty-four individuals with sub-acute stroke (24 men) were eligible and participated in the study. Their mean age was 62 years, SD = 14, and their mean post-stroke time was 4 months, SD = 1. Their mean comfortable gait speed was 0.8 m/s, SD = 0.38, whereas their maximum gait speed was 1.1 m/s, SD = 0.54. The clinical and demographic characteristics of the participants are given in Table 1 . As shown in Table 2 , weak to moderate associations were found between measures of strength of the lower limb muscles and both comfortable (0.36 ≤ r ≤ 0.53; p < 0.05) and maximum (0.37 ≤ r ≤ 0.59; p < 0.05) gait speeds, except for the non-paretic knee flexors and comfortable gait speed (p = 0.06). Weak to moderate associations were also found between measures of strength of the Please cite this article in press as: Aguiar 
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trunk muscles and comfortable gait speed (0.39 ≤ r ≤ 0.52; p < 0.05) in individuals with sub-acute stroke; there were also moderate associations between measures of strength of the trunk muscles and maximum gait speed (0.50 ≤ r ≤ 0.61; p < 0.05) in individuals with sub-acute stroke.
The results of the regression analyses indicated that only the non-paretic ankle dorsiflexors and left lateral trunk flexors were retained in the models (Table 3 ). The non-paretic dorsiflexors and the left lateral trunk flexors explained 29% (B = 0.09, 0.04 ≤ 95% confidence interval for B ≤ 0.14, p = 0.002) and 42% (B = 0.12, 0.07 ≤ 95% confidence interval for B ≤ 0.18, p < 0.001) of the variance in maximum and comfortable gait speeds, respectively (Table 3) .
Discussion
Weak to moderate associations were found between measures of strength of the lower limb and trunk muscles and both comfortable and maximum gait speeds, except for the non-paretic knee flexors, which did not show any association with comfortable gait speed. However, only the non-paretic dorsiflexors and the left lateral trunk flexors remained as Please cite this article in press as: Aguiar LT, et al. Strength of the lower limb and trunk muscles is associated with gait speed in individuals with sub-acute stroke: a cross-sectional study. Strength and gait speed after stroke 5 Table 1 Clinical and demographic characteristics of the participants (n = 44).
Characteristics Results
Age, years, mean (SD) [min---max] 62 (15) [27---89] Time post-stroke, months, mean (SD) [min---max]
4 (1) 18 17 (6) n, number; SD, standard deviation; min, minimum; max, maximum; TIS, Trunk Impairment Scale; IQR, interquartile range. predictors of comfortable and maximum gait speeds, respectively.
Trunk impairments (TIS scores: 0---23), median (IQR)
Muscles transform metabolic energy into mechanical energy to generate force and produce accelerations and decelerations of body segments or of the entire body. 2 Gait speed is the rate of linear forward motion of the body; thus, theoretically, muscle strength may be related to gait speed. As muscle strength and gait speed are reduced after stroke, 2, 30 it is important to understand the associations between these variables. A review 6 that aimed at identifying studies that had investigated the associations between the strength of the lower limb muscles and gait speed in individuals with stroke found significant very weak to strong associations between the strength of the paretic and non-paretic (0.11 ≤ r ≤ 0.83) lower limb muscles and comfortable and maximum gait speed. The results of most of the studies included by Mentiplay et al. 6 in individuals after stroke (although not classified according to post-stroke phases) are in line with the findings of this study in individuals with sub-acute stroke, which found significant weak to moderate associations between the strength of the lower limb muscles and comfortable gait speed (0.36 ≤ r ≤ 0.53). However, according to Mentiplay et al., 6 very few studies have investigated the associations between the strength of the lower limb muscles and maximum gait speed in individuals with stroke. Of the 21 studies included in their review, only seven (33.3%) and four (19.1%) assessed the associations between the strength of the paretic and nonparetic lower limbs, respectively, and maximum gait speed in individuals after stroke. However, only the paretic and non-paretic knee extensors and the paretic ankle plantar flexors were assessed. 6 The present study assessed the associations between 14 lower limb muscle groups and maximum gait speed in individuals with sub-acute stroke and found significant weak to moderate associations (0.37 ≤ r ≤ 0.59). Therefore, most lower limb muscle groups contribute to comfortable and maximum gait speed in individuals with sub-acute stroke.
The trunk muscles have two main functions during gait: to ensure stability and enable movement. 11 The activity of the trunk muscles during walking in healthy individuals, measured by surface electromyography, increases at higher speeds. 11, 31 This is probably due to the increased demand for stabilization and the higher need for compensation of the rotational movements. 11 However, to our knowledge, no studies have investigated the associations between the strength of the trunk muscles and gait speed in individuals with stroke. This present study found weak to moderate associations between the strength of the trunk muscles and comfortable gait speed (0.39 ≤ r ≤ 0.52) and moderate associations between that of the trunk muscles and maximum gait speed (0.50 ≤ r ≤ 0.61) in individuals with sub-acute stroke. These results emphasize the importance of considering the trunk muscles when assessing gait speed in individuals with stroke. As the impairment of the trunk muscles after stroke may be related to gait speed, these muscles should be considered during evaluations for planning strengthening interventions in individuals with subacute stroke.
Previous studies that performed regression analyses to identify the muscle groups that would predict gait speed after stroke only assessed comfortable gait speed in individuals in the chronic phase. 6,32---35 Among all the lower limb muscles that remained significant in the regression analyses, the paretic ankle dorsiflexors appeared with greater frequency, and explained 30---49% of the variance in comfortable gait speed. 32---34 This could be explained by the fact that weakness of the dorsiflexors prevents foot clearance during gait, resulting in decreased step length and a series of compensations to avoid foot drop, 34 which, in turn, may lead to reduced gait speed. 34 These results are not in agreement with the findings of the present study, which found that the non-paretic dorsiflexors predicted comfortable gait speed in individuals with sub-acute stroke. The differences could be explained by the fact that none of the studies that performed regression analyses in individuals with stroke assessed individuals in the sub-acute phase. As mentioned before, muscle strength impairment is more pronounced during the early post-stroke phases, 2 as spontaneous motor recovery has not stabilized. 7 Another possible hypothesis for the divergence in findings is that the mean comfortable gait speed of the participants in the present study (0.8 m/s) was higher than that in other studies (between 0.5 and 0.75 m/s). This finding highlights the importance of evaluating, and possibly strengthening, the non-paretic muscles after stroke.
None of the studies that performed regression analyses in individuals with stroke investigated the associations between the strength of the trunk muscles and maximum gait speed, which limits the comparisons of the results. A trunk kinematic deviation, often observed during poststroke gait, is characterized by a large lateral displacement toward the non-paretic side. 13, 36 It is believed that this augmentation in lateral displacement is due to the weakness of the hip abductors, as trunk lateral displacement in healthy individuals is eccentrically controlled by the hip abductors. 36 Thus, a possible explanation for the fact that the left lateral trunk flexors predicted maximum gait speed in this study is that this muscle group attempts to compensate for the weakness of the hip abductors and control lateral trunk displacement. Because the majority of the participants in this study had left hemiparesis, it was expected that there would be a large lateral displacement toward the right side and that the left lateral trunk flexors would be required for control. In addition, the weakness of the left lateral trunk flexors could be associated with hip hiking during gait for foot clearance due to the lack of flexion of the hip, knee, and ankle joints. 13 To walk at maximum speeds, foot clearance may be more important; thus, hip hiking could be a compensatory strategy adopted by the participants. To confirm these hypotheses, futures studies should measure trunk kinematics.
The absence of studies that included individuals with subacute stroke and also evaluated the trunk muscles limits a deeper discussion regarding the present findings. However, the differences between the present and previous findings in individuals with chronic stroke emphasize the importance of addressing specific phases of spontaneous motor recovery in individuals with stroke. 7 A better understanding of the associations between the strength of various muscle groups and gait speed may help clinicians identify the muscle group to target during muscle strength evaluation and possibly during muscle-strengthening interventions aimed at increasing gait speed in individuals with sub-acute stroke.
Study limitations
A possible limitation of this study is that most of the participants had mild motor impairments, which may limit generalization of the results. In addition, more than half of the variance in gait speed remained unexplained by the regression models. This could probably be enhanced by including other variables such as balance ability. Nevertheless, the purpose of this study was to identify the muscles of the lower limbs and trunk that would predict gait speed in individuals with sub-acute stroke, and not to clarify all the variance in gait speed. These results suggest the importance of strengthening the muscles of the lower limbs and trunk as a strategy to improve gait speed in individuals with sub-acute stroke. However, as cross-sectional observational studies do not establish any causal associations, further studies are needed to assess the effects of strengthening interventions for the lower limb and trunk muscles on comfortable and maximum gait speeds after stroke.
Conclusions
Significant and positive moderate associations were found between the strength of the lower limb and trunk muscles and comfortable and maximum gait speeds in individuals with sub-acute stroke. However, only the non-paretic dorsiflexors and left lateral trunk flexors explained the variance in comfortable and maximum gait speeds, respectively.
